BACKGROUND
Our case documents the presentation and investigation of a young man who experienced two syncopal episodes following exercise. Systematic investigation revealed an exercise-induced vasovagal cause of his syncope. The unusual nature of the diagnosis offers an opportunity to review the mechanism of vasovagal as well as exercise-induced syncope. This is relevant to both general medical specialists and junior doctors who are frequently called upon to investigate for and make a diagnosis of vasovagal syncope; however, the mechanism behind the process is seldom discussed.
CASE PRESENTATION
A 32-year-old Spanish man presented to hospital after a second episode of syncope immediately following exercise. On both occasions, he had exerted himself maximally for a short period. Within a minute of stopping, he described a sensation of light headedness lasting for several seconds and was aware of his vision fading. He regained consciousness on each occasion lying on the fl oor. On the second occasion, which had precipitated the admission to hospital, he had fallen backwards and sustained a minor laceration to the back of the head. He described no palpitations or chest pain and there were no features in the history suggestive of a seizure. The patient was previously well and kept physically fi t, being currently in training to run a half marathon. He had no medical history of note and was on no regular medication. He described no family history of sudden cardiac death or arrhythmias. He had stopped smoking more than a year ago, used alcohol in moderation and denied using recreational drugs.
On admission, his vitals signs were stable and he had a regular heart rate of 60 bpm. Clinical examination was unremarkable. A baseline ECG confi rmed sinus rhythm with a normal PR interval (124 ms) and narrow QRS complex (81 ms) with a normal corrected QT interval (383.2 ms). There was minor ST elevation in lead V1 with minimal ST depression in lead III ( fi gure 1 ). A transthoracic echocardiogram demonstrated normal biventricular function with no structural abnormality of his heart. He completed 15 min of a BRUCE protocol exercise test. His resting heart rate of 68 bpm rose to a maximum heart rate of 187 bpm, representing 99% of the maximal, age-predicted heart rate. His resting blood pressure of 124/67 mm Hg rose to a maximum of 169/75 mm Hg. He was asymptomatic throughout the exercise test. One minute and ten seconds into recovery, he described a feeling of dizziness and within 5 s had lost consciousness. His ECG demonstrated sinus arrest with a pause of 5 s ( fi gure 2 ). The subsequent ECG strip demonstrated junctional ectopy, one beat of which was conducted retrogradely to the atrium and another junctional ectopic which was not ( fi gure 3 ). He was placed in the recovery position and stimulation manoeuvres were attempted while resuscitation drugs were being prepared; however, after 38 s his heart returned to sinus rhythm at a rate of 140 bpm and he regained consciousness describing a feeling of nausea but no other symptoms.
INVESTIGATIONS
12-Lead ECG: sinus rhythm with a normal PR interval (124 ms) and narrow QRS complex (81 ms) with a normal corrected QT interval (383.2 ms). There was minor ST elevation in lead V1 with minimal ST depression in lead III ( fi gure 1 ).
Fifteen-minute BRUCE protocol exercise test: resting heart rate of 68 bpm rose to a maximum heart rate of 187 bpm, representing 99% of the maximal, age-predicted heart rate. 
Summary
A 32-year-old Spanish man presented to hospital after a second episode of syncope immediately following exercise. On admission, his vitals signs were stable and he had a regular heart rate of 60 bpm. ECG and transthoracic echocardiogram were normal. He completed 15 min of a BRUCE protocol exercise test. One minute and ten seconds into recovery, he lost consciousness. His ECG demonstrated sinus arrest with pauses of up to 5 s and subsequently junctional ectopy. After 38 s, his heart returned to sinus rhythm at a rate of 140 bpm and he regained consciousness. Vasovagal syncope following exercise in the absence of structural heart disease is uncommonly reported. When cases of exercise-related syncope in patients with structurally normal hearts have been reported, the typical patient is a young male who engages in physical training. Treatment strategies in patients suffering with vasovagal asystole are necessarily empirical, and careful judgement based on the specifi c features of the individual cases needs to be employed.
seconds into recovery, he described a feeling of dizziness and within 5 s had lost consciousness. His ECG demonstrated sinus arrest with a pause of 5 s ( fi gure 2 ).
The subsequent ECG strip demonstrated junctional ectopy, one beat of which was conducted retrogradely to the atrium and another junctional ectopic which was not ( fi gure 3 ).
TREATMENT
As our patient did have a presyncopal aura and was wellinformed about his condition, it was felt appropriate to avoid pharmacotherapy or invasive devices and their risk of complications. Instead, strategies to avoid the potential complications of a syncopal episode were addressed. He was discharged with advice to maintain an adequate salt and fl uid intake. He was educated as to the importance of taking evasive measures to maintain consciousness and to ensure his safety in the event of an impending syncopal attack.
DISCUSSION
The differential diagnosis for exercise-induced syncope is broad, encompassing structural heart disease (hypertrophic cardiomyopathy, critical aortic stenosis), coronary artery disease (myocardial infarction), arrhythmias (atrial fi brillation, supraventricular tachycardias and ventricular tachycardias -including both idiopathic and conditions predisposing to these rhythms such as Brugada syndrome, long QT syndrome and catecholaminergic polymorphic VT) and vasovagal syncope. Non-cardiac causes of syncope and psychogenic syncope have also been diagnosed, whereas 13-31% of patients presenting with syncope never reach a formal diagnosis. 1 A thorough history is indicated as certain features have been shown to be associated with potentially life-threatening diagnosis of long QT syndrome. Where these features are present (which include a family history of syncope or sudden cardiac death, palpitations, and syncope associated with exercise and emotional stress), particular attention should be paid to the QT interval, 2 which was of normal duration in our patient. In our patient, structural heart disease was excluded by transthoracic echocardiography. There were no features in the history to indicate coronary artery disease for which he had minimal risk factors. His exercise tolerance test demonstrated sinus arrest without any preceding arrhythmias consistent with a diagnosis of exercise-induced vasovagal syncope.
Vasovagal syncope is characterised by loss of consciousness resulting from cerebral hypoperfusion secondary to bradycardia and hypotension. 3 Traditionally, vasovagal syncope has been explained by the Bezold-Jarisch refl ex. Pooling of venous blood in the lower limbs (as can be induced diagnostically during tilt-table testing) results in decreased venous return to the heart and decreased ventricular fi lling. This triggers an increase in sympathetic tone causing vasoconstriction, increased force of ventricular contraction and increased heart rate; physiological mechanisms that allow the maintenance of blood pressure despite the decrease in venous return. The Bezold-Jarisch refl ex occurs when, as a result of the sympathetically mediated increase in inotropy, low pressure baroreceptors located in the left ventricle respond to this increased tone by pathologically increasing their afferent input to the central nervous system resulting in decreased sympathetic drive and a profound vagal response. The result of this is bradycardia and hypotension responsible for the cerebral hypoperfusion causing syncope. 3 It is now thought that this mechanism represents a single pathway of many potentially contributory mechanisms responsible for vasovagal syncope. Other mediators aside from the ventricular baroreceptors may include neurotransmitters such as serotonin, peripheral opioids and adenosine. 3 Evidence for the presence of alternative mediators of vasovagal syncope comes from studies of cardiac transplant patients with denervated left ventricles who still experience vasovagal episodes. The hypothalamic and brainstem autonomic nuclei are likely to contribute also, perhaps particularly in those patients in whom vasovagal syncope is precipitated by emotion. 4 Although it is accepted that changes in sympathetic tone are crucial to the vasodilatory response, the mechanisms through which this is mediated remain unclear. 3 Vasovagal syncope following exercise in the absence of structural heart disease is uncommonly reported. 5 Mechanisms involved are likely to include a parasympathetic response to the catecholamine release associated with exercise (with documented increase in heart rate and blood pressure), postexercise peripheral vasodilation with resultant decrease in venous return (mimicking the situation in tilt-table testing) as well as possibly augmented basal vagal tone seen in young athletes following physical training. 6 When cases of exercise-related syncope in patients with structurally normal hearts have been reported, the typical patient is a young male who engages in physical training.
The long-term prognosis of exercise-induced vasovagal syncope is unclear. There is some evidence to suggest that vasovagal mechanisms may be contributory in survivors of presumed asystolic sudden death. 7 However, vasovagal syncope is a very common condition and in the overwhelming majority of patients has a benign prognosis.
Successful treatment strategies for exercise-induced syncope have included exercise avoidance, increased salt and fl uid intake, β-blockade, vagolytic agents and devices to protect against bradycardia. In the more general case of vasovagal syncope, trials have provided information that may be also relevant in the case of exercise-induced Figure 3 The subsequent ECG strip demonstrating junctional ectopy, with one beat conducted retrogradely to the atrium and another junctional ectopic which was not.
syncope. β-Blockers have not been demonstrated to be effective 8 in preventing recurrence of syncope, whereas the evidence relating to pacemakers is more positive. A reduction in syncopal events has been reported in some trials, 9 although the benefi t of pacing would appear to be limited to those patients with a tilt positive cardioinhibitory syncope. 10 As our patient did have a presyncopal aura and was well-informed about his condition, it was felt appropriate to avoid pharmacotherapy or invasive devices and their risk of complications. Instead, strategies to avoid the potential complications of a syncopal episode were addressed. He was discharged with advice to maintain an adequate salt and fl uid intake. He was educated as to the importance of taking evasive measures to maintain consciousness and to ensure his safety in the event of an impending syncopal attack. Treatment strategies in patients suffering with vasovagal asystole are necessarily empirical, and careful judgement based on the specifi c features of the individual cases needs to be employed. 
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